Abstract : It is important to predict the occurrence of debris flow for engineers and engineering geologists.
INTRODUCTION
Prediction of debris flow means the solutions against four questions as follows; why, how, when and where does debris flow occur? Former explorers have made researches for the first and second questions and developed some theories on mechanisms of debris flow occurrence. It is reasonable to assume for the third question that rainfall condition can control the timing of debris flows occurrence (e.g. Kasai, 1980b) .For the last one, there are many methods to be available for evaluating the site of debris flow occurrence. However, because these methods are based on in-situ survey of ravine and/or reading of aerial photograph, a great deal of effort, time and professional knowledge are required for these applications. It is desired to develop an easier method to predict the site of debris flow occurrence.
It is convenient to characterize the geomorphological features numerically.
The values obtained by general morphometry, i.e. gradient of slope, relative relief, drainage density, are basic data for geomorphology, nevertheless these values do not characterize the three-dimensional geomorphological features.
Topography has been considered to be a good example of fractal geometry (e.g. Mandelbrot, 1982) . Matsushita and Ouchi (1989) reported that the transect profiles are self-affine just like the trace of onedimensional random walk, and that the contour lines are self-similar (a special case of self-affinity) as the Koch curve, which is a well known example of the regular f ractals. Ouchi (1990) showed the possibility of the application of self-affinity measurement for the tree-dimensional geomorphology. In this paper, the geomorphological features where debris flows have occurred beside the railway are estimated by a three-dimensional geomorphological analysis using fractals (3-D GAF).
THEORY AND HYPOTHESIS OF 3-D GAF FOR PREDICTION OF DEBRIS FLOW
The mechanisms of the genesis of debris flow are mainly classified into two types; collapse of slope and re-movement of deposit in ravine. Since most of debris flows that occurred beside the railway resulted from collapsing of slope ( Figure 1 ; Ohta et al., 1995) , this paper treats the debris flows of slope collapsing type. It is thinkable that a collapse of slope occurs where topography is not harmonious with the surrounding area. Therefore the prediction of site of debris flow means extraction of anomalous site in topography of one area.
The geological condition influences weathering, erosion of rock mass and slope collapsing (Kasai, 1980a; Kataoka, 1990; Mizuhara, 1990) . It is reasonable to assume that weathering and erosion develop similarly in the whole area if the area consists of single geological condition.
The first hypothesis of 3-D GAF is that the geomorphological stability will reach the same stage under the single geological condition if weathering and erosion condition is similar in the whole area. Mandelbrot (1967 Mandelbrot ( , 1982 reported that the geometrical feature of coast length is f ractal. Fractal dimension (D) of the coast ranges from 1.0 to 1.3, and D becomes higher as the complexity of coast increases (Takayasu, 1986) . It seems that the relief of topography reveals f ractal geometry and the f ractal dimension D ranges from 2.1 to 2.3 (Takayasu and Takayasu , 1988) . The second hypothesis of 3-D GAF is that the topography can be regarded as fractal geometry.
EXPERIMENTAL METHOD DEM (Digital Elevation Model) data used for the analysis in this study are 50m mesh numerical map data published by Geographical Survey Institute. These data are calculated from 1/25,000 topographic map published by Geographical Survey Institute, and one set of these data corresponds to one sheet of topographic map.
The procedure of experiment is as follows. One set of DEM data is divided into 100 grids with one side about 1 km long. For each grid the fractal dimension is calculated three-dimensionally by boxcounting method. The length of box side is 50m, 100 m, 200m or 250m.
The logic of the method used in this paper is illustrated in Figure 2 . The counting logic, which the length of box side is 50m, is shown by Figure 2a . For example, when we consider the elevation data point: a, it is necessary to recognize the relationship between point: a and surrounding eight points: 1 to 8. The relation between point: a and point: 1 is expressed as a broken line combining these two points. This broken line crosses three boxes at left column including point: 1 and two boxes at center column including point: a, thus these boxes, illustrated as hatched boxes in Figure 2a , are counted. This procedure is repeated for other points 2 to 7. For all eleva- Both of Rikuchu-Kawauchi area and Ohshida area are located at Northern Kitakami district. Namely these two areas belong to mountains region. Nanbu area is located beside the ItoigawaShizuoka Tectonic Line and is crossed by the Fiji River from north to south at the center of mountains. This area is mountains region crossed by large river. Ohmagoshi area and Kanbara area are situated at sea side region.
Ohmagoshi area, facing to Japan Sea, is the boundary between Aomori prefecture and Akita prefecture, while Kanbara area faces to the Suruga Bay. The followings describe the results for three region. In Figure  4 the collapsed point is displayed, thus this figure shows that the debris flows occurred at the place where the contour of dimensions is dense.
Ohshida area For Ohshida area the contour map of fractal dimension is displayed in Figure  7 with geological structure such as faults. sion resembles geological structure, and particularly the faults are displayed as continuity of fractal dimension anomaly. It is possible to conceive that rock facies control fractal dimension, such as at the Paleozoic slate layer area, where fractal dimensions are comparatively low and uniform. The collapsed point is displayed in Figure 7 . From this figure it is recognized, as same as at Rikuchu-Kawauchi area that the debris flow occurred at the point where the contour of dimensions is dense.
Results of mountains region crossed by large river

Nanbu area
Fractal dimension distribution of Nanbu area is demonstrated in Figure 8 . The dependence of fractal geometry on topography is recognized as follows; the fractal dimensions become low at the ridge, while those are high along a small river and a valley. Along the large river (the Fuji River) , however the fractal dimension is lower than those of the small rivers and the valleys.
In mountainous district fractal dimension suddenly changes at a knick line which means a erosion front.
It is not remarkable that the fractal geometry of this area is controlled by geological structure and rock facies. Distribution of fractal dimensions has NW-SE direction which is nearly equal to the main fault direction, although geological structure holds mainly N-S direction.
The point where the debris flow occurred is shown in Figure 8 . It is reasonable that any special feature of fractal dimension is not recognized at the place where debris flow actually occurred beside the Fuji River.
Results of sea side region
Ohmagoshi area Figure 9 shows the distribution of fractal dimension for Ohmagoshi area. Fractal analysis is also performed for the surface of sea, and it results in that the fractal dimension is 2.00 at the sea. Because the dimension at the sea results in 2.00 and this value is extremely lower than that of other topography, there appear sudden changes of fractal dimension at shoreline (Figure 9 ). Although the relationship between fractal geometry and topography seems not to be clear, it is understood that fractal dimensions are influenced by topography as follows: Fractal dimension at the river side is high, while the low dimension appears at the summits of a mountam. Erosion front shows no special feature in the distribution of fractal dimension. When the fractal dimension map (Figure 9 ) is compared with geological map, the relationship between a fractal dimension distribution and a geological structure can not be recognized.
The collapsed point is represented in Figure 9 . This figure suggests that there is no special feature of f ractal dimension at the place where debris flow actually occurred.
Kanbara area
Fractal dimension distribution of Kanbara area is illustrated in Figure 10 . Fractal analysis is also performed for the surface of sea, and it results in that the fractal dimension at sea is 2.00 sameas Ohmagoshi area.
Because the dimension at the sea is 2.00, there occurs sudden changes of f ractal dimension at shoreline. In this area it seems that the dependence of fractal geometry on topography is not obvious. Geology of this area is relatively massive, therefore these fractal dimensions are nearly constant. Figure  10 , which represents the point of debris flow occurrence, shows that there is no special feature of fractal dimension at the place where debris flow actually occurred.
Summary of analysis
From results of 3-D GAF for the five areas, the author concludes the relation between the f ractal dimension and the geomorphology, geology and debris flow occurrence as follows. 1) In case that analyzed area is situated among the mountains, f ractal dimensions indicate the degree of erosion.
The knick lines, which mean erosion fronts, appear as sudden changes of f ractal dimension. 2) In case that analyzed area includes the sea, fractal dimension distributions do not explain anything special for the geomorphology and the degree of erosion near shoreline. 3) In the mountains the places where debris flows occurred are correspond to the points where the fractal dimensions are sudden change. 4) The distribution of fractal dimension reflects geological structure, rock facies and distribution of faults when geomorphology in the analyzed area is simple. 5) As a result of these geomorphological analyses, the occurrence of debris flows is a part of geomorphological evolution, which is controlled by rock facies (rock control theory by Yatsu (1966) 
